INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most important food crops with most extensive distribution, yield and nutrition value in the world. Environmental factors affected the yield potential of wheat, however, genetic factors are the major determinants in wheat yield. The genetic information of different genotypes in wheat is distinctness . Understanding the effects of water and salt stress on growth and yield of crops and the relationship between the two stresses are key to keep a stable yield of this staple crop. Osmotic adjustment is one of the important ways to adapt salt stress (Zhang, 1998) . Under salt stress, plants could absorb ion and circumscribe in vacuole to proceed osmotic adjustment; moreover, through the accumulation of free proline and soluble sugar in cytoplasm to balance the salt of high concentration in vacuole, cytoplasm could reduce the water potential and avoid dehydration, and in favor of water absorption of cell at the same time.
The increase of free proline and soluble sugar in plants under salt stress is a ubiquitous phenomenon in nature; however, it could happen under osmotic stress (Bao et al., 2001; Zhang et al., 2001 ). At present, most studies of the effects of osmotic and ionic stress on free proline and soluble sugar content are mainly limited on single environment stress factor. There were few reports on the rule of osmoticum accumulation in the same plant under osmotic and ionic stress. In this paper, two genotypes of wheat cultivars with different salt-tolerance were used as experimental materials to study the role of osmoticum of wheat under NaCl and iso-osmotic PEG stress.
MATERIALS AND METHODS

Plant material cultivation and stress treatments
Salt-tolerant wheat cultivar 'Dekang 961' (Dk 961) and salt-sensitive wheat cultivar 'Lumai No.15' (Lu 15) selected in prior experiment were used as experimental materials . Put seeds in KMnO4 solution (1.0 g/L) for 10 min, for disinfection, then seeds were put in an incubator (DHP-9082) at 25°C. When germinated, seedlings were removed into plastic basins and cultivated with Hoagland nutrient solution, the temperature were kept at 26/16°C (day/night), and the relative humidity at about 60%, the light intensity about 800 µmol⋅m -2 ⋅s -1 and light time was 12 h per day. Seedlings were treated with NaCl (NaCl solution were confected with Hoagland nutrient solution) and iso-osmotic PEG (polyethylene glycol) at the stage of 2 leaves and 1 center leaf. The final Figure 1 . Effects of NaCl and iso-osmotic PEG stress on free proline content of roots (A) and leaves (B) in wheat. Data are mean ± SE (n = 3, * P < 0.05; ** P < 0.01).
concentration of NaCl solution was 50 and 100 mmol/L, respectively; and that of PEG (6000) stress was 18.8 and 24.5 mmol/L (equal to osmotic potential of 50 and 100 mmol/L NaCl, respectively). Roots and leaves of wheat were collected for standby after 5 days' stress.
Determination of free proline and soluble sugar content
The determination of free proline and soluble sugar content followed the methods of Zhang (1992) . Each treatment was 3 replicates.
Statistical analysis
Means of free proline and soluble sugar contents of three replicates were used for comparison between different treatments, and were separated using the Student's t-test. A difference was considered to be statistically significant when P < 0.05, and especially significant when P < 0.01 (Wang et al., 2010) .
RESULTS
Effects of NaCl and iso-osmotic PEG stress on free proline content of roots and leaves in wheat
The accumulative trend of free proline in roots and leaves of 'Dk 961' and 'Lu 15' was basically consistent under NaCl and iso-osmotic PEG stress. The content of free proline increased with the increase of concentration of NaCl and PEG, but the salt-sensitive wheat cultivar 'Lu 15' increased obviously more than that of salt-tolerant cultivar 'Dk 961'. The accumulative quantity of free proline in roots of the two wheat cultivars was higher than that of leaves (Figure 1) . The accumulative quantity of free proline in roots and leaves of 'Lu 15' was obviously more than that of 'Dk 961' under 50 (P < 0.05) and 100 mmol/L NaCl stress (P < 0.01). Under 50 mmol/L NaCl stress, content of free proline in roots and leaves of 'Lu 15' increased 128.95 and 158.62% in contrast with control, while that of 'Dk 961' only increased 80.00 and 78.13%. Under 100 mmol/L NaCl stress, content of free proline in roots and leaves of 'Lu 15' increased 578.95 and 482.76% in contrast with control, while that of 'Dk 961' only increased 257.14 and 196.88%. In addition, the accumulative quantity of free proline in roots and leaves of wheat under salt stress of the two different concentrations was higher than that under the isoosmotic PEG stress.
Effects of NaCl and iso-osmotic PEG stress on soluble sugar content of roots and leaves in wheat
With the increase of stress concentration, soluble sugar content of roots and leaves in 'Dk 961' and 'Lu 15' all increased under NaCl and iso-osmotic PEG stress, but the salt-sensitive wheat cultivar 'Lu 15' accumulated relatively much more, and the accumulative quantity of soluble sugar in leaves of the two wheat cultivars was higher than that in roots (Figure 2) . Under 100 mmol/L NaCl stress, soluble sugar content of roots and leaves in 'Lu 15' was obviously more than that in 'Dk 961' (P < 0.01), that of roots and leaves in 'Lu 15' increased 244.12 and 557.32% in contrast with control, while that in 'Dk 961' only increased 90.32 and 159.13%. In addition, soluble sugar content of roots and leaves in wheat cultivars under salt stress of the two different concentrations was higher than that under the iso-osmotic PEG stress. Effects of NaCl and iso-osmotic PEG stress on soluble sugar content of roots (A) and leaves (B) in wheat. Data are mean ± SE (n = 3, * P < 0.05; ** P < 0.01).
DISCUSSION
The content of free proline and soluble sugar in fig (Jiang et al.,1991) and Suaeda salsa (Chen et al., 2001) obviously increased under salt stress, indicating that plant could reduce its osmotic potential through accumulating organic osmoticum, such as free proline and soluble sugar (Li and Zhao, 1990; Yi et al., 1995) ; moreover, free proline and soluble sugar of Vicia faba (Bao et al., 2001) and Glycine soja ) also accumulated obviously under water and simulative water stress. This experiment showed that the content of free proline and soluble sugar in wheat all increased with the increase of environmental stress intensity, indicated that the accumulation of free proline and soluble sugar was an adaptation to osmotic and ionic stress in plants.
The enhanced extent of osmoticum in the two wheat cultivars under NaCl stress was higher than that under iso-osmotic PEG stress. This result was similar to that of . It indicated that ionic effect played the important role in enhancing the content of osmoticum in plants.
The study of Zhao et al. (2001) showed that certain limited salt stress could promote the synthesis of free proline in barley and induced the temporary increase of free proline content, which would be favorable to improving salt-tolerance of barley; however, under salt stress of high concentrations, plants decompensate and the oxygenation of free proline was blocked, and plants also accumulated a large amount of free proline in this way (Liu and Zhu, 1997) . The abundant accumulation of free proline in salt-sensitive wheat cultivar 'Lu 15' under salt stress of high concentration was very likely induced by decompensate, and should be a representation of salt damage. The accumulative quantity of free proline and soluble sugar is correlated with cultivars under salt stress. Former reports showed that the quantity of free proline and soluble sugar in leaves of strongly salttolerant fig cultivar accumulated less, while that of the weakly one was on the opposition, indicating that the increase of free proline and soluble sugar in leaves of fig showed negative correlation with salt-tolerance of cultivars under salt stress (Jiang et al., 1991) . This experiment showed that the content of free proline and soluble sugar in salt-tolerant cultivar 'Dk 961' increased less and had a lower variation rate under osmotic and ionic stress. So salt-tolerance of wheat cultivars also showed negative correlation with accumulative quantity of osmoticum. Since the synthesis of organic osmoticum (such as free proline, soluble sugar and others) need consuming additional energy, salt-tolerant wheat cultivar should proceed osmotic adjustment mainly through abioions.
In general, the accumulation of free proline and soluble sugar was an adaptation to osmotic and ionic stress in plants, and the ionic effect played a more important role in enhancing the content of osmoticum than osmotic stress did. Salt-tolerance of wheat cultivars showed negative correlation with the accumulative quantity of osmoticum. 
